We compared gastroenteritis cases that consulted a general practitioner (GP) with those who did not in a community-based study and also with those in a GP-based study. We aimed to identify factors associated with consultation, and with inclusion of cases by GPs, and secondly to study the effects on the frequency of detection of pathogens. Furthermore, we estimated the under-ascertainment by GPs. Both studies were performed in The Netherlands in the same population in an overlapping time-period. Overall, 5 % of community cases consulted a GP. Cases who consulted suffered from more severe episodes than non-consulting cases. Inclusion of cases by GPs, instead of a study team, caused a selection of more severe cases with more chronic symptoms. When extrapolating data from GP-based studies, it should be taken into account that, in general practice, gastroenteritis due to bacteria and Giardia lamblia is a relatively large proportion of that in the community and gastroenteritis due to Norwalk-like viruses is a relatively small proportion. The incidence of gastroenteritis in general practices was estimated between 14 and 35 per 1000 person years.
INTRODUCTION
Gastroenteritis is one of the most common diseases worldwide [1, 2] , and up-to-date information on the incidence, causative pathogens and transmission routes is necessary to control it. A study in the community is the best method to gain knowledge of gastroenteritis as a whole, but is very costly and timeconsuming. In general practices, gastroenteritis patients can be recruited efficiently, but cases seeking medical care are not representative of all cases, and little is known about factors influencing the consultation behaviour of cases [3, 4] . If the selection of patients that present to a GP is known, information practices was representative of the Dutch population for age, gender, geographical region and degree of urbanization. For the GP study, all GPs (from 42-44 practices) enumerated consultations for gastroenteritis on weekly enumeration forms from January 1996 until January 2000. Additionally, in 30-35 practices a case-control study was performed from May 1996 until May 1999 [5] . Questionnaires and stool samples from cases and controls were collected on the day of consultation. The CB study was a prospective cohort study with a nested case-control study [6] . An agestratified sample of persons registered in the 29-31 participating general practices was invited to participate. Follow-up was from 14 December 1998 until 14 December 1999, in two consecutive cohorts of 6 months. All participants completed a base-line questionnaire at the start of the study, and cases and controls completed a questionnaire concerning shortterm risk factors. Also, a medical diary was kept by cases during the 4 weeks after enrolment in the case-control study, addressing symptoms, use of medication, bed rest, and absence from work or school, and use of the health-care system. Finally, stool samples were submitted by cases (on days 1, 8, 15 and 22) and controls (days 1 and 8).
The case definition of gastroenteritis used in the GP study was : at least three loose stools in 24 h or loose stools with two additional symptoms or vomiting with two additional symptoms. The additional symptoms could be diarrhoea, vomiting, nausea, fever, abdominal pain, abdominal cramps, blood in the stool, or mucous in the stool. A new episode could only start after a symptom-free period of 2 weeks. In the CB study the same case-definition was used, with one additional option : vomiting at least three times in 24 h. This option was included, because stool samples were also tested for bacterial toxins, which are often associated with vomiting only.
Statistical analysis
We composed a severity score for gastroenteritis, partly analogous to the severity score of Vesikari used for rotavirus gastroenteritis (Table 1) [7] . Degree of urbanization was classified as ' high ' ( 2500 addresses per km#), ' intermediate ' (500-2500), and ' low ' ( 500). The highest educational level achieved by those aged 18 years and older, and by one of the parents for those aged 0-17 years, was used for the educational level and classified as ' low ' (primary school, lower vocational or lower general secondary education),' intermediate ' (intermediate vocational or intermediate general secondary and higher general secondary education), and ' high ' (higher vocational secondary education and university education).
Consulting and non-consulting cases in the CB study were compared to identify person-and illness related factors associated with consultation, by a χ# test for categorical variables, and by Wilcoxon signed rank test for continuous variables, and logistic regression analyses for the multivariate analyses. Selection of variables in the regression model was done retrospectively and manually, based on the likelihood ratio. Self-reported GP consultations in the CB study were compared with consultations reported on the enumeration forms, and checked retrospectively by the GP based on the patient-record. Only consultations that could be confirmed by one or both of the above methods were used in the analyses.
Consulting cases in the CB study were compared with cases from the GP study to identify factors associated with inclusion of cases by GPs compared to inclusion by the study team. In the CB study, the distribution of variables and pathogens in the first and second cohort were adjusted to the age distribution of the Dutch population. This standardization was necessary because the age distribution of the cohort was not representative for the Netherlands due to the age-stratified sampling frame [8] . The case groups were compared by logistic regression. For the regression analyses, study was included as the determinant ; and age and cohort were included as confounders in the logistic model. In the CB study, consultations were reported in the medical diary, which covered a time-period of 4 weeks starting at the onset of symptoms. Therefore, cases in the GP study that consulted more than 4 weeks after onset of symptoms were excluded in this comparison (168 cases). Also cases in the CB study included for the additional criterion in the case-definition (vomiting three or more times in 24 h) were excluded (this had no effect, since none of the consulting cases was in fact included as this criterion). A modified severity score was used, because not all variables in the original score were available for cases in the GP study ( Table 1) .
The pathogens detected were not included in these comparisons, because this information is not known to the case or the GP at the time of consultation and can therefore not influence their decision. Nevertheless, the presence of pathogens will differ between the case groups because of their relation to symptoms and socio-demographic variables. Therefore, we compared the percentages positive for the different pathogens detected in cases in the GP study with the standardized percentages in all cases in the CB study. For the CB study, results from first and second stool samples are presented (collected on day 0 and day 7 of the episode, respectively), because the median time of sampling in the GP study was 6 days after the onset of symptoms. Because of low numbers for several pathogens, and the need to standardize percentages, the pathogen-specific results from the CB study should be interpreted as merely indicative values. Therefore no exact ratios are presented for pathogens in the CB study and in the GP study.
Under-ascertainment of enumeration was measured as the percentage of confirmed consultations in the CB study that were not enumerated. An exact binomial 95 % confidence interval was calculated. The incidence of gastroenteritis for which a GP was consulted was estimated based on the CB study and the GP study. For this comparison, the incidence in the CB study was standardized for age and cohort. The incidence from the GP study was corrected for under-ascertainment. In addition, cases that were and were not enumerated were compared, to study whether any systematic selection had occurred. Comparison of categorical variables was done by χ# test and continuous variables by one Wilcoxon signed rank test.
RESULTS

Consultations in the CB study
In the CB study, 1052 case episodes were observed. Of these, 774 were included in the case-control study and for 646 a medical diary was completed. A GP consultation was reported by the patient for 94 gastroenteritis episodes : 82 practice visits and 12 house calls. Of these, 61 consultations (55 practice visits and 6 house calls) were confirmed by the GP. This corresponds with 9n4 % of all episodes, and 5 % when standardized for age and cohort. Of the 58 consultations that took place in a week for which an enumeration form was received, 13 were enumerated, yielding an under-ascertainment of 78 % (standardized for age and cohort 83 %, 95 % confidence interval 56-100 %). Additional to the 61 episodes for which a practice visit or a house call was made, a telephone consultation was reported for 59 episodes, and consultation of another GP was reported for 15 episodes. Telephone consultations and consultations of another GP were not included as consultations in the analyses.
Comparison of consulting cases and non-consulting cases in CB study
In the univariate analyses, the age group under 1 year had the highest consultation rate ( Table 2 ). In the older age groups, the consultation rate was similar. Cases with an intermediate level of education tended to consult more than cases with a high or low level of education. A severity score of seven or more (Table 1) was positively related to consultation. Individual symptoms significantly related to GP consultation were fever, a frequency of stools of six or more in 24 h, and a frequency of vomiting of once in 24 h. The same tendency, but not significant, was found for cases that suffered from blood in the stool, and abdominal cramps. The total duration of the episode was longer for consulting cases (median 12 days) than for nonconsulting cases (9 days) (P l 0n02). The median Only variables presented for which inclusion in the logistic regression model decreased the log-likelihood ratio significantly (P 0n1). duration of frequent stools was significantly longer in consulting cases (5n5 days) than in non-consulting cases (4 days) (P l 0n03), as was the median duration for loose stools (6 s. 4 days, P 0n01), for abdominal pain (5 s. 2 days, P 0n01) and for fever (2 s. 2 days, P l 0n01). Gender, country of birth, degree of urbanization, region, income, chronic abdominal symptoms, abdominal pain, nausea, vomiting, loose stools, mucous in stool, head ache, bed rest and absence from work or school showed no relation to consultation. In the multivariate logistic regression model only age, fever and abdominal cramps were independently associated with consultation. When considering only the symptoms that occurred before consultation, only fever, and a frequency of stools of six or more were significantly associated with GP-consultation (not in table). The duration of symptoms at the time of consultation (4 days) was shorter than the total duration of the episode for nonconsulting cases (P 0n01).
Comparison of consulting cases in CB study and cases in GP study
Compared to consulting cases from the CB study, cases from the areas with the highest degree of urbanization were overrepresented in the GP study, as were cases from the western region of the country (Table 3 ). Chronic intestinal disorders ( 1 month) were more frequent in the GP study. The median duration of symptoms until consultation was significantly longer for cases in the GP study (6 days) than for consulting cases in the CB study (4 days) (P 0n01). The median value of the modified severity score ( Table 1) was higher for cases in the GP study (6 s. 4) (P 0n01). In general, all symptoms were more common in GP study cases than in consulting CBstudy cases, except fever and vomiting. Significantly more frequent in GP-study cases were mucous in the stool, loose stools and a higher frequency of stools.
Pathogens in first and second stool samples in CB study and in the GP study
Bacteria, predominantly Campylobacter sp. were overrepresented in the GP study compared to first and second samples in the CB study ( Fig. 1) . Rotavirus, astrovirus, and SLV were more frequent in GP-study cases than in second samples of CB-study cases, while the frequency in GP study cases was comparable to that in first samples of CB-study cases. NLV was less frequent in GP-study cases than in first and second samples of CB-study cases. Giardia was more frequent in GP-study cases than in first and second stool samples of CB-study cases. Cryptosporidium was equally frequent in both case groups. For most pathogens, the majority of positive second stool samples were from cases that also had a positive first stool sample, with the exception of NLV for which 42 % of positive second samples were from cases that did not have a positive first sample. For Giardia lamblia this was 20 %.
Comparison of enumerated cases and non-enumerated cases within CB study
A comparison of the 13 consulting cases that were enumerated and the 45 cases that were not enumerated showed that cases with frequent stools were less often enumerated (14 s. 55 %). Furthermore, cases that suffered from nausea were more often enumerated (35 s. 13 %), and the percentage enumerated increased with decreasing degree of urbanisation (urban 0 %, urbanized 19 %, rural 39 %). No significant differences were found for other symptoms, age, gender, chronic intestinal symptoms, other chronic illnesses, presence of symptoms on the day of consultation, house calls versus practice visits, severity score, being under treatment of a specialist, number of GP visits in the past 3 months, and self-reported cause for symptoms.
Incidence of gastroenteritis for which a GP was consulted
The overall standardized incidence of gastroenteritis in the CB study was 283 per 1000 person years. In total, 30 case-episodes were included in the CB study based on the additional criteria of the case definition (vomiting at least three times in 24 h) ; none of these had consulted a GP. After exclusion of these case episodes, the standardized incidence was 276 per 1000 person years, of which 5n2% (9n4 % not standardized for age and cohort) reported a consultation that could be confirmed. This results in a standardized estimate of the incidence of gastroenteritis presented to a GP of 14 per 1000 person years. The incidence in the GP study, based on the enumeration forms was 5n9 per 1000 person years (corrected for list-inflation) [5] . However, adjusting this figure for the standardized estimate of under-ascertainment found in the CB study of 83 % (not standardized for age and cohort : 78 %), gave an incidence of gastroenteritis for which a GP is consulted in the GP study of 35 per 1000 person years. The under ascertainment that could only be partially estimated in the GP study itself, gave a much lower estimate of 15 %, from which we arrived at the published incidence of 7n9 per 1000 person years [5] .
DISCUSSION
Consultation behaviour
After standardization for age and cohort, for 5 % of the gastroenteritis episodes a GP was consulted, of which 95 % were practice visits and 5 % house calls. This is lower than the estimate of 10 % reported for the Netherlands in 1991, and the 17 % for England, but comparable to the 4 % for Wales [4, 9, 10] . A significantly higher consultation rate was found in cases under 1 year of age, cases with fever, and cases with abdominal cramps. Also consultation was associated with high overall severity score and a longer duration of symptoms. This is consistent with other studies [11] . The fact that the under 1 year olds consulted more often than older persons might be explained by the fact that young children are subjectively and objectively more vulnerable than older cases. For instance, the risk of dehydration as a result of diarrhoea is higher in younger children. As expected, severity and duration of the episode were associated with consultation. However, the patients did not know the total duration of the episode at the time of consultation. Most likely, duration of symptoms is related to the severity, which is related to the decision of a patient to consult a GP. This is supported by the fact, that after correction for severity, the relation between duration of symptoms and consultation was no longer significant. The fact that the severity score was associated with the consultation rate shows that a rational measure of severity is indicative of the likelihood of consultation. Although studies on hospitalizations for gastroenteritis report an important role of social factors, studies on GP consultations mostly report the importance of severity and duration of symptoms [12] [13] [14] [15] [16] . Our results show that the assumption is to a large extent correct that studying cases in general practices means studying the more severe cases.
Comparison of consulting cases in GP and CB study
Cases in the GP study were more often from areas with a high degree of urbanization and from the western region of the country, than consulting cases from the CB study. This is caused by the fact that in the CB study, cases from these areas were already under-represented in the cohort [6] .
In general, episodes of cases from the GP study were more severe and longer lasting than those of consulting cases in the CB study, indicating that inclusion by the GP leads to a more severe casepopulation than the overall consulting case-population. Furthermore, cases in the GP study more often suffered from chronic abdominal disorders than cases in the CB study. Because GPs know most of their patients, recruitment of cases for the study is influenced by their knowledge of the history of the patient, which might explain the high frequency of patients with chronic gastrointestinal symptoms. Additionally, inclusion of cases by the GP might have been more exclusive than by the study team. The selection that GPs make based on their professional view when including cases might exclude cases with gastrointestinal symptoms due to other illnesses and restrict the case group to pure gastroenteritis cases. In a study in the USA, approximately a quarter of the gastroenteritis episodes coincided with respiratory illness [12] . This might be one of the reasons that fever was more frequent in CB-study cases than in GPbased study cases. Although the selection that a GP makes when including cases might be a useful one, every GP will have a different view, and the selection criteria used by GPs are not clear. Therefore the use of a case definition for gastroenteritis in epidemiological studies remains the only method to ensure good knowledge of the population studied.
Comparison of the proportion of cases attributable to different pathogens
In the CB study, bacteria and viruses were detected less frequently in second stool samples than in first. This shows that by sampling after about 1 week, a proportion of these infections will be missed. Since sampling in a GP-based study does not take place until the patients consult a GP, which was after a median of 6 days of symptoms in our study, part of the diagnostic deficit can be attributed to the pathogens that were tested for. For parasites, the moment of sampling does not seem to influence the detection, which is consistent with the fact that parasites are excreted for a long time, but also indicates that the proportion of cases that does not start excreting until 1 week after the onset of symptoms is not substantial. However, in the GPstudy samples positive for Giardia lamblia were submitted after a median of 13 days and therefore, a valid comparison with the CB-study should be based on third stool sample (collected after 14 days). Surprisingly, for NLV, the detection decreased only slightly in second samples. The fact that a substantial amount of cases was not positive for NLV until the second sample indicates that excretion of NLV does not always start at the same time as the symptoms.
For Campylobacter sp., the proportion of GP-study cases was substantially higher than of CB-study cases, implying that a large percentage of cases associated with bacterial infections consulted a GP. This is consistent with the fact that Campylobacter sp. is associated with fever, blood in the stool, and a high frequency of stools [17] , which are all symptoms that were found to be related to frequent consultation. NLV was more frequent in non-consulting cases than in consulting cases. This difference can not really be explained by the late moment of sampling in the GP study, but indicates that only a small percentage of NLV-related cases consulted a GP. This is consistent with a Canadian study in children that also reports NLV as the only viral pathogen detected more frequently in non-consulting children than in consulting children [18] The relatively short duration of episodes related to NLV, and the fact that it is not related to any of the symptoms for which consultations were more frequent, support this [17] .
For rotavirus and to a lesser extent for astrovirus and SLV, the difference between first and second samples was substantial. Considering that the median time of sampling in the GP study for rotavirus, astrovirus, and SLV was 3-5 days, both the first and the second stool sample in the CB study should be used for a valid comparison of these pathogens in both studies. For astrovirus and SLV no information is available on whether this is a gradual decrease or a sudden drop somewhere in the first week. Therefore, for these viruses, a valid comparison with the detection in GP-study cases at 3-5 days after the onset of symptoms cannot be made. For rotavirus, a sharp decrease in the shedding of the virus was reported after 5 days [19] . Since rotavirus positive samples in the GP study were collected after a median of 3 days, a comparison with the first stool sample of the CB study seems more appropriate than with the second, resulting in a similar percentage attributable to rotavirus in both studies. This contradicts the results of Waters, who reported a higher percentage positive for rotavirus in consulting cases than in community cases [18] . For adenovirus and Cryptosporidium, no substantial differences can be seen between CB-study cases and GP-study cases.
In general, when studying cases in general practice, Campylobacter sp. and Giardia lamblia will be overrepresented, whereas NLV will be underrepresented. For the other pathogens, detection rates in general practice can be used as an estimate for those in the community. In a study in England, Salmonella sp. and Campylobacter sp. were also clearly more frequent in general practice-based cases than in community cases [20] . The underrepresentation of NLV in general practices was not found in the English study. This difference might be a result of a lower threshold for GP consultation in England.
Incidence of gastroenteritis for which a GP is consulted
The incidence of gastroenteritis for which a GP was consulted in the CB study (14 per 1000 person years) was lower than that in the GP study adjusted for the under-ascertainment measured in the CB study (35 per 1000 person years). The estimate of underascertainment in the CB study might be an overestimate for the GP study, because GPs were more involved with the GP study and therefore probably more alert gastroenteritis. Also, normal practice in general practices might have been influenced by the fact that some consulting cases participated in the CB study, in spite of the fact that we focussed on not influencing the normal procedure in general practices by not giving any curative advice to cases. We should therefore conclude that the estimate of 83 % underascertainment of the enumeration is not representative for the years before and after the CB study. Although, the 83 % is most likely an over-estimate, underascertainment did occur. A comparison of the incidence of gastroenteritis for which a GP was consulted in the CB-study (14 per 1000 person years) with the crude incidence from the GP study (5n9 per 1000 person years), gives an estimate of underascertainment of 58 %. This might be due to the fact that the diagnosis of gastroenteritis by a GP is more exclusive than just the case definition, as was mentioned in the previous paragraph. In summary, the incidence of gastroenteritis for which a GP is consulted will be between 14 and 35 per 1000 person years, resulting in a total of 220 000 to 560 000 consultations for gastroenteritis per year in The Netherlands.
In The Netherlands, 1 in 20 cases with gastroenteritis consults a GP for this illness. As expected, consulting cases suffered from more severe gastroenteritis, especially with fever and abdominal cramps, and had longer episodes, than non-consulting cases. Besides, young children ( 1 year of age) consulted more often. Inclusion of patients by the GP instead of the study team, leads to a selection of even more severe cases in the GP-based study and to the inclusion of more cases with chronic intestinal symptoms. In order to obtain comparable and complete data from different studies, general practitioners should use the case definition more strictly for enumeration and recruitment of cases for a study. When extrapolating data from GP-based studies, it would be taken into account that, in general practice, gastroenteritis due to bacteria and Giardia lamblia is a relatively large proportion of that in the community and gastroenteritis due to Norwalk-like viruses is a relatively small proportion.
